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ABSTRACT
Objective: To investigate the relationship between mini-screw implant (MSI) diameter (1.6 vs
2.0 mm) and shape (tapered vs cylindrical) and the amount of microdamage generated during
insertion.
Materials and Methods: Thirty-six cylindrical and 36 tapered MSIs, 6 mm long, were used in this
study. Half of each shape was 1.6 mm in diameter, while the other half was 2.0 mm. After pilot
drilling, four and five MSIs were inserted, respectively, into fresh cadaveric maxillae and mandibles
of dogs. Bone blocks containing the MSIs were sectioned and ground parallel to the MSI axis.
Epifluorescent microscopy was used to measure overall cortical thickness, crack length, and crack
number adjacent to the MSI. Crack density and total microdamage burden per surface length were
calculated. Three-way analysis of variance (ANOVA) was used to test the effects of jaw, and MSI
shape and diameter. Pairwise comparisons were made to control the overall significance level at
5%.
Results: The larger (2.0 vs 1.6 mm) cylindrical MSIs increased the numbers, lengths, and
densities of microcracks, and the total microdamage burden. The same diameter cylindrical and
tapered MSIs generated a similar number of cracks and crack lengths. More total microdamage
burden was created by the 2.0-mm cylindrical than the 2.0-mm tapered MSIs. Although higher
crack densities were produced by the insertion of 1.6-mm tapered MSIs, there was no difference in
total microdamage burden induced by 1.6-mm tapered and 1.6-mm cylindrical MSIs.
Conclusions: Pilot drilling is effective in reducing microdamage during insertion of tapered MSIs.
To prevent excessive microdamage, large diameter and cylindrical MSIs should be avoided. (Angle
Orthod. 2015;85:859–867.)
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INTRODUCTION
Mini-screw implants (MSIs) have been widely used
as orthodontic skeletal anchorage.1,2 Because of their
relatively small diameters (1.2 to 2 mm), they can be
placed in various sites of the jaws to accomplish
challenging treatment.3–5 With immediate loading and
requiring minimal patient compliance, MSIs facilitate
efficient and predictable treatment.6,7 However, MSI
success rates (83.8%–91.6%) have not been com-
pletely satisfactory.8–10
At placement, success is indicated by ‘‘primary’’
stability.11 While some recommend 5–10 Ncm insertion
torques,12 in general, higher insertion torque would
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produce greater primary stability.13,14 But, excessive
insertion torque produces potential failure due to bone
necrosis,15 microdamage,16,17 or MSI fracture during
insertion.18
To avoid excessive insertion torque, one approach is
to change the shape of the MSI. For example, some
studies demonstrate that tapered MSIs generate
higher insertion torque with higher primary stability
than cylindrical MSIs,3,7,19–21 but they can produce
excessive insertion torques, potentially damaging the
bone.13,17,22–24 The latter findings correspond to finite
element analyses, which suggest that tapered MSIs
induce high stresses in the cortical bone25 around the
implant neck.26
Another way to reduce insertion torque is with pilot
holes. A study showed that, without pilot drilling,
tapered MSIs produce a greater number of cracks
and increased crack length than cylindrical MSIs.17 In
another study, pilot drilling lessened microdamage
during insertion of 1.6-mm cylindrical MSIs.27 Another
study using 1.0-mm diameter pilot drilling found that it
significantly reduced microdamage even with the
insertion of larger diameter (1.4-, 1.6-, and 2.0-mm)
cylindrical MSIs.28 While microdamage stimulates
bone remodeling and induces a periodontal ligament
(PDL)-like zone around conventional dental im-
plants,29–32 accumulated microdamage can weaken
bone33–35 and potentially jeopardize MSI stability.17
To understand how pilot drilling and MSI taper affect
primary stability, researchers inserted tapered and
cylindrical MSIs perpendicular to artificial bone blocks
and found similar maximum insertion torques with the
same pilot drilling.36 In a similar design, but with MSIs
placed at an angle to mimic a clinical scenario, tapered
MSIs created higher insertion torque than cylindrical
MSIs. The conclusions of these studies are limited due
to the use of artificial bone. To date, there is no
literature about the effects of pilot drilling on the
production of microdamage by tapered MSIs with
different diameters. Thus, the purpose of this study is
to investigate microdamage production in the maxilla
and mandible of dogs by tapered and cylindrical MSIs
with varying diameters.
MATERIALS AND METHODS
Seventy-two titanium alloy (6Al4V) MSIs, with 6-mm
threads, were used in this study. Half of them was
tapered (AbsoAnchor SH15-16, Dentos, Daegu,
Korea), while the others were cylindrical (Dual-Top
Temporary Anchorage Device, Rocky Mountain Or-
thodontics, Denver, CO, USA). Both sets were further
divided into 1.6- and 2.0-mm diameter groups, yielding
four groups (n 5 18) of MSIs (tapered, 1.6; tapered,
2.0; cylindrical, 1.6; and cylindrical, 2.0). They were
inserted into the maxillary and mandibular quadrants of
four cadaveric mongrel adult dogs (20–25 kg and 1–
1.5 years old) using an unbalanced random block
design (Table 1). The dogs had been euthanized for
another study that was approved by The Institutional
Animal Care and Use Committee. Within 4 hours of
being humanely killed, mucosa and periosteum were
reflected, and pilot holes were drilled perpendicular to
the bone surface with a 1.0-mm diameter (6 mm long)
surgical drill (Dentaurum, Newton, Pa) with a contra-
angle handpiece (Aseptico, Woodinville, Wash) and
copious saline irrigation. The MSIs were inserted
manually by one operator with the manufacturers’
screwdrivers. The maxillary and mandibular quadrants
received four and five MSIs, respectively (Figure 1).
Each MSI with its surrounding (1.5 cm 3 1.5 cm)
bone block was dissected, coded, immediately sub-
merged, and fixed in 70% ethyl alcohol for 7 days,
stained in 1% basic fuchsin hydrochloride in a graded
series of alcohols under vacuum and embedded in
methyl methacrylate.28 The blocks were cut and
ground parallel to the MSI axis to approximately 200
microns with an Exakt grinder (Exakt Technologies Inc,
Nordersted, Germany). Identification of microdamage
was done under a 103 epifluorescence microscope
(Leica, Buffalo Grove, Ill) with excitation wave length
546 nm using previously published criteria.28 Cortical
thickness, crack length, and crack number adjacent to
Figure 1. Illustration of placement position of mini-screw implant.
Table 1. Experimental Design: Four Groups of Mini-screw Implants (18 Per Group) Were Placed in Four Dogsa
Dog 1 Dog 2 Dog 3 Dog 4
Maxilla 1.6 T (n 5 4) 2.0 T (n 5 4) 1.6 C (n 5 4) 2.0 C (n 5 4) 1.6 T (n 5 4) 1.6 C (n 5 4) 2.0 T (n 5 4) 2.0 C (n 5 4)
Mandible 1.6 T (n 5 5) 2.0 T (n 5 5) 1.6 C (n 5 5) 2.0 C (n 5 5) 1.6 T (n 5 5) 1.6 C (n 5 5) 2.0 T (n 5 5) 2.0 C (n 5 5)
a 1.6 indicates 1.6 mm; 2.0, 2.0 mm; T, tapered; and C, cylindrical.
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the MSI, and the MSI surface length in cortical bone
were measured using Bioquant Osteo II software
(Bioquant Image Analysis Corporation, Nashville,
Tenn). Crack density and total microdamage burden
were calculated as crack number/MSI surface length
and crack number 3 mean crack length/implant
surface length, respectively. Parameter definitions
are listed in Table 2.
Three-way analysis of variance (ANOVA) was used
to test the effects of diameter (1.6 and 2.0 mm), jaw
(maxilla and mandible), and MSI shape (tapered and
cylindrical) and their interactions with cortical bone
thickness, crack length and density, and total micro-
damage burden. Pairwise comparisons were made to
control the overall significance level at 5%.
RESULTS
Cortical thickness and microdamage parameters
(implant surface length, crack number, length and
density, and total microdamage burden per surface
length) are listed in Table 3.
MSIs of the same shape, inserted in similar cortical
bone thickness, showed similar implant surface length
(Table 4). The 2.0-mm cylindrical MSIs introduced
significantly greater crack numbers, lengths and
densities, and total microdamage burden than the
1.6-mm cylindrical MSIs (Figures 2 and 3). No dif-
ferences were found between 1.6-mm and 2.0-mm
tapered MSIs. Same diameter cylindrical and tapered
MSIs were inserted into similar cortical bone thickness
(Table 5), and the former demonstrated significantly
longer implant surfaces than the latter. More cracks,
longer crack length, and higher total microdamage
burden were created by the 2.0-mm cylindrical MSIs
than the 2.0-mm tapered MSIs. Higher crack density
was found for 1.6-mm tapered MSIs compared with
1.6-mm cylindrical MSIs, but there was no difference in
total microdamage burden (Figures 3 and 4). The
mandible showed significantly greater overall cortical
thickness than the maxilla (Table 6), and a significantly
longer implant surface. MSI insertion created similar
crack length and density and total microdamage
burden in the maxilla and mandible. However, the
Table 2. Definition of Parameters
Parameter Definition Unit
Cortical thickness Average length of cortical thickness mm
Implant surface length Traced surface length adjacent to the mini-screw implant under
epifluorescence microscope
mm
Crack number Number of total cracks number
Crack length Traced crack length adjacent to the mini-screw implantmini-s
under epifluorescence microscope
mm
Crack density Crack number/mini-screw implant surface length number/mm
Total microdamage burden per surface length Crack number 3 mean crack length/implant surface length mm/mm
Table 3. Cortical Thickness, Implant Surface, and Microdamage Parameters Including Number of Cracks, Crack Length, Crack Density, and
Total Microdamage Burden Per Surface Length, Generated by Insertion of 1.6-mm and 2.0-mm Cylindrical and Tapered Mini-screw Implants in
the Dog Maxilla and Mandible
Cortical
Thickness, mm
Implant
Surface, mm
Number
of Cracks
Crack
Length, mm
Crack Density
(Number of
Cracks/mm) 3 1023
Total Microdamage
Burden Per Surface
Length, mm/mm
Mini-screw
Implants Mean
Standard
Error Mean
Standard
Error Mean
Standard
Error Mean
Standard
Error Mean
Standard
Error Mean
Standard
Error
Maxilla
1.6 mm
Cylindrical 1414.35 165.03 4330.42 646.12 4.87 1.09 299.73 43.70 1.08 0.14 0.35 0.08
Tapered 1711.57 196.87 5209.18 813.32 5.43 0.69 226.68 13.32 1.29 0.30 0.29 0.07
2.0 mm
Cylindrical 1385.96 133.89 4017.91 368.41 4.75 0.45 362.37 53.07 1.22 0.11 0.40 0.03
Tapered 1685.60 201.62 4928.34 771.24 4.14 0.77 256.46 26.63 0.98 0.23 0.25 0.05
Mandible
1.6 mm
Cylindrical 2368.70 153.33 6927.88 649.24 6.12 0.97 225.02 24.67 0.87 0.09 0.19 0.02
Tapered 2216.76 71.365 6395.79 392.12 6.78 0.80 309.46 26.80 1.10 0.16 0.34 0.05
2.0 mm
Cylindrical 2221.54 108.95 6805.96 432.40 9.10 0.43 341.61 26.38 1.40 0.12 0.46 0.04
Tapered 2016.68 64.743 6136.03 167.74 6.00 0.80 229.53 21.41 0.97 0.12 0.23 0.04
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2.0-mm MSIs produced significantly greater crack
numbers in the mandible than in the maxilla.
DISCUSSION
To date, no studies have compared microdamage
generated by insertion of cylindrical and tapered MSIs
of different diameters into pilot-drilled bone. Our results
revealed that 2.0-mm cylindrical MSIs generated
significantly greater crack numbers, lengths and
densities, and total microdamage burden than 1.6-
mm cylindrical MSIs (Table 4). This is consistent with
the findings of Lee and Baek17 that larger diameter
MSIs produced greater microdamage than smaller
diameter MSIs. The adjacent bone is compressed as
an MSI is inserted.26 With the same size pilot hole and
homogeneous cylindrical shape between the pilot hole
and MSI, insertion of a larger diameter MSI increases
the stresses in bone. Microdamage is likely caused by
a combination of compressive radial stresses and
circumferential tensile stresses within the bone.
In contrast, tapered 2.0-mm and 1.6-mm MSIs
generated similar amounts of crack numbers, lengths
and densities, and total microdamage burden
(Table 4). When inserting tapered MSIs into a cylin-
drical pilot hole, less bone is compressed due to
shorter implant surface length (or contact between the
bone and MSI) because of the shape difference.
Therefore, bone compression by larger sized tapered
MSIs is diminished.
Cylindrical MSIs had longer surfaces in cortical bone
than tapered MSIs due to the decreasing diameter of
the latter toward the tip (Table 4). Only the crack
density was significantly higher with tapered than
cylindrical 1.6-mm MSIs, probably because the cracks
were distributed along a significantly reduced implant
surface length. Notably, tapered MSIs did not generate
more total microdamage burden than cylindrical MSIs.
This supports our hypothesis that pilot drilling is
effective in reducing microdamage during insertion of
tapered MSIs. This is also consistent with Yadav
et al.,27 who found that pilot drilling effectively reduces
microdamage compared to self-drilling. Gantous and
Phillips37 and Heidemann et al.38 recommended that
the pilot hole size be only up to 85% of the width of the
inner diameter for increased stability.36 In the present
study, the inner diameter is 0.8–0.9 mm for the 1.6-mm
tapered MSI and 0.92 mm for the 1.6-mm cylindrical
MSI, or 80%–92% of the 1-mm pilot hole in width.
Therefore, the likelihood of overcompression was
significantly reduced. Without pilot drilling, Lee and
Baek17 showed that insertion of tapered MSIs created
more microdamage than cylindrical MSIs, probably
because more stresses accumulated surrounding the
neck of tapered MSIs.25,26
Interestingly, 2.0-mm cylindrical MSIs created sig-
nificantly greater number of cracks, crack length, and
total microdamage burden than tapered MSIs (Ta-
ble 5). The inner diameter of 2.0-mm cylindrical MSIs
is 1.08 mm, while the straight (cylindrical) surgical
pilot drill was 1.0 mm in diameter. However, the
amount of microdamage generated from differences
in diameter between the inner diameter of the MSI
and pilot hole is likely negligible. When inserting 2.0-
mm cylindrical MSIs in the pilot hole, the adjacent
bone is constantly compressed by the thread,
resulting in higher crack numbers and length and
resulting total microdamage burden. The parallel
threads of the cylindrical MSI engage greater cortical
bone surface area than the tapered shape because of
the uniform diameter of the cylindrical MSI. This
Table 4. Comparison of Cortical Thickness, Implant Surface, and Microdamage Parameters Including Number of Cracks, Crack Length, Crack
Density, and Total Microdamage Burden Per Surface Length Between 1.6-mm and 2.0-mm Mini-screw Implants With the Same Shape
Cortical
Thickness, mm
Implant
Surface, mm
Number
of Cracks Crack Length, mm
Crack Density
(Number of Cracks/
mm) 3 1023
Total Microdamage
Burden Per Surface
Length, mm/mm
Mini-screw
Implants
Mean
Standard
Error P Value
Mean
Standard
Error P Value
Mean
Standard
Error P Value
Mean
Standard
Error P Value
Mean
Standard
Error P Value
Mean
Standard
Error P Value
Cylindrical
1.6 mm 1956.35 .894 6512.22 .711 5.33 .005* 260.02 .004* 0.78 .002* 0.21 ,.001*
(143.30) (805.44) (0.88) (26.88) (0.20) (0.07)
2.0 mm 1936.89 6327.11 7.64 362.33 1.27 0.46
(140.51) (800.71) (0.86) (25.85) (0.20) (0.07)
Tapered
1.6 mm 1831.22 .795 4877.98 .623 5.46 .917 262.43 .605 1.24 .895 0.30 .865
(144.06) (807.67) (0.88) (27.01) (0.20) (0.07)
2.0 mm 1792.36 4627.11 5.38 244.39 1.21 0.31
(143.87) (806.74) (0.88) (27.02) (0.20) (0.07)
* Statistical significance (P , .05).
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indicates that pilot drilling is not as effective in
reducing microdamage caused by larger cylindrical
MSIs as with tapered MSIs.
Despite structural differences, the cortical thickness
of these dog maxillae and mandibles are comparable
to adult patients.39 Consistent with a previous study,28
cortical bone of the mandible is thicker than that of the
maxilla (Table 6). With greater cortical thickness,
longer implant surfaces were shown with all mandib-
ular MSIs. It was expected that more microdamage
would occur in the mandible because of its greater
cortical thickness and higher mineralization.29 Our
data showed that MSI insertion in the mandible
produces a larger number of cracks, but it did not
induce greater crack length, crack density, or total
microdamage burden. Although more cracks were
created by the longer distance that the thread travels
through the cortical bone, this suggests that pilot
drilling can still effectively relieve the overcompres-
sion of cortical bone. This may explain why MSI
Figure 2. Cylindrical mini-screw implants, 1.6-mm diameter, with microdamage.
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success rate is lower in the mandible without pilot
drilling and the equal success rates in the two jaws
with pilot drilling.40 This suggests that pilot drilling is
advisable when inserting MSIs into regions with dense
or thick cortical bone.
Microdamage at different insertion sites within the
maxilla and mandible was not analyzed because a
previous study found no differences in MSI insertion
associated microdamage in different sites within the
same jaw.28 A clinical study demonstrated that a higher
failure rate occurs when inserting MSIs in posterior
mandibular areas with high bone density and cortical
thickness compared to the maxillary posterior area.40
This may be attributed to overtightening or excessive
insertion torque causing overheating, poor primary
stability, inflammation, or local disturbances that
prevent normal healing.7 Furthermore, an ideal study
design should include a standardized insertion torque
(,10 Ncm).12 More experimental and clinical studies
are needed to better assess the complex relationships
between mechanical factors, clinical techniques and
MSI adjacent bone response.
CONCLUSIONS
N With the same size pilot hole, large diameter
cylindrical MSIs create more microdamage than
small diameter cylindrical MSIs.
N Pilot drilling effectively reduces microdamage with
tapered MSIs, especially those with larger diameters.
N Inserting a large diameter cylindrical MSI is not
recommended because it may generate excessive
microdamage.
N Pilot drilling effectively reduces microdamage with
MSIs in the mandible.
Figure 3. Cylindrical mini-screw implants, 2.0-mm diameter, with microdamage.
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